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RATIONAL ADVISOTC C0MMITT23 FOR A3ROHAUTICS 

lfEMOHANDTM REPORT 

for the 

Army Air Forces,  Air Technical Service Command 

K2ASUR2M3NT OF FLYING  QUALITIES  OF A DSIIAVILLAED 

KOSQUITO F-8  ATRPLAN3   (A.'iF KO.  ^3-53^560) 

I - LAT3HAL OtD DIRECTIONAL STABILITY' 

AND CONTROL CHARACTERISTICS 

By H.  L. Crane,  D.  B.  Telmsge,   end W.  E.  Grey,   Jr. 

SUMMARY. 

This paper presents the results of flight tests to 
determine the leteral and directi:nel stability end control 
characteristics of a DeHavilland Mosquito F-8 airplnno. 
The data presented heroin have no beerlng on the performance 
characteristics of the airplane, which were not measured 
in these testa, but which were considered to be exception- 
ally good. Some of the desirable features of tho lateral 
and directional stability end control characteristics of 
the F-3 weret 

1. Rudder-control forces required with the spring- 
tab rudder were never excessive. The variation of rudder 
force with soeed in straight flight was very small. 

2. Control could be easily maintained during single- 
engine operation in the clean condition. 

3. The control-fixed effective dihedral was always 
positive and was not considered excessive. 

The lateral and directional stability and control 
characteristics of the airplane ware considered to bo 
unsatisfactory in the following respects 1 

1. The directional stability with rudder fixed did 
not sufficiently restrict the cilaron ysw. 
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2. Rudder lock occurred near the stall In the olean 
oor.ditlon with power for level flight ot lar-je m;-les of 
aldeallp. 

3. The rudder oontrol vraa Inadequate during take-off 
Mid landing and was Insufficient to fly the airplane with 
one engine Inoperative end the other engine delivering 
pov/er for level flight with the fleps and lending gear 
down. 

I4..  In the clean condition, the power of the ailerons 
was slightly below the minimum value specified for air- 
planes of this tyne. 

5. Aileron overbalance oocurred in rolls vn  to en 
Indicated apeed of 200 mllea per hour over a large part 
of the deflection range. The allorcn forces at Indicated 
speeds up to 300 miles per hour were, however, desirably 
light. 

6. In power-on oondltlons of flight, an undesirable 
pitching moment due to aldeallp and due to yawing veloolty 
existed, which made It dlffloult to trim the airplane In 
rough air. 

INTRODUCTION 

Flight teats have been made  to determine the flying 
qualities of a OeHavllland Mosquito F-S airplane.    This 
paper presents the results of the tests  to determine the 
lateral    end dlreotlonsl stability and control character- 
istics.    The results of the tests of longitudinal sta- 
bility and oontrol will be presented In part II.    The 
oomplete program required 16 flights  and approximately 
2(4. hours of flying.    These flights were made In October 
and November of 191J+. 

DESCRIPTION 

The Kosqulto la  a two-place,  twin-engine, mldwlng 
airplane,  having slotted flapa  end a retrectable con- 
ventional type lending gear.    The version of the Mosquito 
tested was  a Canadian built,   oamera-equlpped F-8 airplane 
whloh had no armament.    With the exoeotlon of the oontrol 
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surfaces    and naoellea which were  oonatructed of and 
covered with motal the  airplane wes  of plywood or belea- 
plyrood sendfflch construction.    The  airplane hsd Prise 
ailerons  and hom-balanoed elevator And ruddor.    The 
alltiroiis  end elevator were equipped with balancing tebs 
and tha rudder with a spring tab.     Fowar wes supplied 
by tv:o Rolls-Royce I'erlir  33 enginos.    For this  aeries of 
tests  the weight of the airplane  at tsue-off wee  epproxi- 
macely 19,000 pounds.     All testa wore made with the 
external wing tanks removed.    Several photographs of an 
F-8 airnlane  are shown in figure  1.     A threa-view drawing 
of the airplane,  cross sections  or the wing and aileron, 
end of the horizontal  and vertical tell are presented in 
figures  2 end 3.    General specifications of the  elrplane 
are givan in the  appendix. 

Figure i|. presents  the  characteristics  of the  spring- 
tab rudder,    rtuddsr deflection was measured with respect 
to the fin which wes  set parallel to the  thrust axle. 
The friotion of the rudder system amounted to *5 pounds 
of pedal forco.    Figure 5 shows the variation of  aileron 
position with control-wheol deflection  and figure 6, the 
variation of aileron balancing tab-position with rlltron 
position.    Tha friotion in tha eilaron system was  approxi- 
mately tli pounds  for small deflections   and inoroeaed 
slightly at large djflaotions. 

INSTRUMENTATION 

The following instruments were mounted In the 
airplane 1 

Keeaured Quantity KACA Instrument 

1. Time Timer  (synchronising all 
reooitts) 

2. Airspeed Airspeed recordor 

3. Control positiona Control-position recordere 

k. Control forces Strain-gese pedal-force  end 
wheel-force reoordera 

5. Sideslip  engle Yew-angle recorder  and 
indicator 



Measured Quantity 

6. Angle of bank 

7. Formal,   longitudinal rnd 
transverse  acceleratione 

8. Angular velocities 

9«    21ev»tor-tab position 

10. Shutter position 

11. Fre3-elr temparature 
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NACA Instrument 

Recording lnclinoinster 

Three-cotononent racording 
aoooleror.etar and indioating 
nornisl eccelerometor 

Rolling-velocity,  pitching- 
velocity,   and yewlng- 
valocity recordere  (gyro- 
soopio) 

Position recorder  (conneoted 
at teb) 

Position recorder 

£leotrioal rasistonoe-bulb- 
type thermometer 

Service indicated airspeed es usad herein oorroeponds 
to  the  reading of  a standerd A-2f airspsed iretar connected 
to a pitot-ststio eycteji that is froe from position error, 
and is defined by the formulaj 

Vi = ltf.08 foV5o" 

where 

Vj  Is in miles per hour, 

q0  is the difference between total pressure and oorreot 
static pressure, 

f0  is the compressibility correction factor at sea level. 

Static pressure was measured with a swiveling stetio head 
mounted 1 chord length ahead of end elightly below the 
right wing tip. The static head was oellbratad for 
position error by means of a trailing airspeed bomb. 
Total pressure was measured with a shielded totfl head 
mounted at the right wing tip. 

Control positions ware measured by both electrical 
and mechenloel recorders. The transmitting elements of 
the electrical reoorders were mounted at the Inboard ends 
of the control surfPOOS. Moohanloel position reoorders 
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were attached to the control column, oat  rudder pedol, and 
to an aileron control cable in the bomb bay. Prom recorded 
flieht data it waa determined thet the atretch of the 
elevator control eyatem WPS 1° of elevator deflection per 
25 pou.ids of wheal force. The flexibility «r the rudder 
system amounted to 1° or rudder daflection per 10 pounds 
of pedal force.  Since the mechanical position recordar 
wea not connected at the control wheel, the stretch of tho 
aileron aystorn wa3 measured on the pround and found to be 
1° T>»P  3 pounde of wheel force with the ailerons near 
neutrel. 

To measure control forcca the service wheel wns 
repleoed with one on which a train gates were mountad. 
Aileron-eontrol forcea presented in this reoort are brsed 
on P. wheol diameter of ll* inchea to the center of the 
grips while the etondard vheel for the F-8 ia approxi- 

mately I2f inchea in diamoter at the center of the grips. 

The aileron forcas for a eerviee wheel may be obteined by 
multiplying the forces presented in this re-sort by 1.1. 

TEST3, RESULTS, AND DISCDS3I0N 

The results of the teats are evaluated in tarns of the 
specifications of reference 1. 

A. Longitudinal Stability and Control Characteristics 

The longitudinel atebility end control chorecteriatics 
will be discussed in o subsequent report. 

B. Leteral end Directional Stability and Control 
Characteristics 

1-B. Dynamic Lateral and Directional Stability 

The control-free lateral orcillition wee investi- 
gated in the clean condition at the epeed for maximum I/D, 
aporoximetely 180 miles per hour with the engines aet at 
265O revolutions per minute and h pounds booet and also 
at 280 miles per hour with the engines set for reted powor 
(2650 revolutions par minute and  7 pounde booat).  At 
both speeds it waa found that lateral oscillations could 
not be induced by releesinc the controls while in e steady 
sldeallp. This was due to the overbalanced ailerons 
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causing the airplane to roll mi  turn. The oscillations 
were Induced by kicking the rudder end releasing It while 
holding the elevstor end the ailerons fixed. Time his- 
tories of oscillations due to a right.sud a left rudder 
kick at 180 miles per hour sre presented In figure 1. 

The laterel oscillations were demped to 1/2 Ampli- 
tude In 2 cycles and therefore met the requirements of 
reference 1. The ehort-perlod oscillation of the rudder, 
indicated In figure 7 by e slight tendency of the rudder 
to overshoot Its equilibrium positlcn when suddenly released, 
wen completely damped in less than 1 cycle. The require- 
ment of reference 1 th.nt there should be no short-period 
oscillation of tho rudder was therefore satisfied. The 
rudder showed a marked tendency to float with the relative 
wind, and continued to oscillate In phase with the elrplane 
motion during the oscillation. Rudder klok3 wore alao made 
In which the rudder wsa kie'eed, returned to zero, end hold 
aa well as poasiblo while the elev-tor and tho allerona 
were held fixed.  A time history of one such rudder kick 
st l80 Miles per hour la given in figure 6. The pilot 
considered th'.t th? damping of tho latarnl oscillation waa 
somewhat better than if the rudder r/ere not fixed at zero; 
however, the rudder blew with the relative wind and because 
of the flexibility of tho rudder-control system could not 
be held in s fixed position. A tine history of a rudder 
kick end release at 280 miles per hour Is given In figure 9* 
The increase In speed reduced the period, but had little 
effect on the damping of the oscillations,  m all the 
oscillations the pitching moment due to yawing caused 
alternate push end pull forces on the control wheel, s 
characteristic which was objectionable to the pilot. 

Ko flight records were made with the bomb-buy 
doors open because most of the Instrumentation was loosted 
In the bomb bay. However, tho pilot noticed no appreciable 
difference in the damping of the lateral oaclllrtlons with 
the bomb-bsy doors open. 

2-3. Static Lateral and Directional Stability 

1. Sideslip due to aileron deflection 
to overcome adverse aileron yaw 

rudder 

The sideslip due to aileron deflection end the 
rudder required to overcome sdverse aileron yaw were 
measured In rolls out of turns. Typical time histories 
of rolls out of turns with fixed rudder end with 
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eoordlnit'ed rudder are given In figure  10.    The vari- 
ation of isaxlmuai    angle of sideslip with total  aileron 
deflection In rudder-flxcd roll-outs  at lew 3peeds la 
presented for several conditions  In figure  11.    Toe 
diroetlonal stability aa lndleoted by the date of 
figure  11 was about equal in tljo gliding and wave-off 
eondltlone  end a lightly greater In  the  landing con- 
dition.    The maximum angle  of aldesllp due  to aileron 
deflection reached In tho gliding condition was ovor 
20° and therefore  tho requirements of reference 1 
ware not met.     It was not  always posalblc for the 
pilot to continue the maneuver until a maximum angle 
of sideslip war reached beeeusc of the pitching moment 
duo to yawing.     In figure  10(c)  two rudder-fixed 
roll-outa are -re a on ted for tho r.evc-cff condition at 
ll'j nllea per hour during which  tho alrplcne pitched 
down abruptly as  Indicated by the pitching veloelty 
and normal acceleration and in the right roll eaused 
both engines to out out.    This  figure  alao shows 
aileron shutting which wae  often noticed when the 
ailerons were fully defloeted. 

Analysis of the data In figure 10  and other 
similar data indicates that necrly all of the  available 
change  of rudder deflection,   approximately 15° right 
or 20° left,   and approximately a 50-pound lnorement 
of rudder foree were neoeasary to overcome  the yaw 
due to full aileron deflection at 125 miles  por hour 
with flape  and gear down, power for level flight. 
The requirement of reference 1 that the  rudder be  able 
to overcor.e  the  rdverse yaw due  to full aileron 
defleotlon with e rudder force of lees  thrn 130 pounds 
was aetlefled,  but the pilot commented thet a con- 
siderable  rmount of pedal motion was required for 
the  amount of aileron control applied. 

2;    Sld3sllp charaeterlatlca 

One  set of dsta which Illustrates  the occurrenoe 
of rudder lock res  obtained from a preliminary flight 
during which gradually lnoreaslnp sideslips  were made 
by slowly deflecting the rudder while using the 
ailerons  nnd elevator to mrlnt&ln abrelght and level 
flight.    Otherwise  the sldeellp ehorretorlatlcs were 
lnveatlgpted in steady sideslips.    The date from 
theee sideslips  are  given In figures  12 through lo 
and show measurements of dlroctlonnl stability 

•• 
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(vrletlon of rudder engle suet force with sideslip 
angle), dihedral effect (variation of aileron engle 
end foree with sldecllp engle), pitching moment due 
to sideslip (variation of elevetor angle and foree 
with sideslip angle) and the elde-foree character- 
istics (variation of engle of bank ..•1th sldosllp 
angle). The ingles of sideslip reached nerd restricted 
9t low opeed3 to avoid rudder lock tend  Pt hlfh spoods 
In orde:* not to overload the vertical tall*  It was 
thought thpt with the closely balanced rudder there 
wss some possibility of ovarlording tho vertical tall* 
The test conditions end speeds we.*u as follows t 
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a. Mractional etability 

Tho control-fixed directional ctebLlity 
rie po3ltiva lti all conditions and therefore satisfied 
the requirements of referonoo 1.  iTe variation of 
rudder niif.le with sideslip angle was nearly llnesr 
In all eor.dltlone. The dsts Indicate that there was 
sbout 2° of right elde3llp at 2I4.O nllee per hour 
with zero bank.  It Is believed that st this opeed 
there would hove b-ien vary nearly o° e Ides lip and 
that the 2° lndlestl.cn wss due eithor to 3iiewpsh 
or to en uneymmetrioel yaw vane which was In error 
by a constant -mount. 

The rudder-free directional etability wae 
positive In sll conditions except at low epeeds with 
power on, flaps and gear retracted, whero the rudder- 
force variation with eldesllp EB'.IJ became negative 
at largo rngles of oldeellp, and therefore did not 
estlsfy the requirements of reference 1.  A time 
history of a gradually Increasing sideslip In which 
rudder look occurred Is giver. In figure 17*  In tho 
recovery from this maneuver, the engines were cut* 
Evon with the largo degree bslcroe provided by the 
soriny tab which made tho rudder vary lleht under 
normel oondltlone a forou of nearly ZOO  pounde was 
required to return the rudder to neutral. 

b. Dihedral effect 

The atick-fixed dihedral effect ee shown 
by the varlstlon of aileron angle with sideslip 
en-rlo  in figures  13 to 16 ws3 positive In all con- 
ditions  end mot the requirements of reference 1. 
In the  sliding condition the effective dihedral 
ws3 li.0° compared with I.I40 goonetrie dihedral at 
the top eurfscu of the wing.    The 3tlck-free 
•ihedral effect  ss shown by the variation of the 
aileron force with sideslip angle was marginal to 
slightly negative In all conditions;   the etlok 
foroee were very light and hardly out cf the range 
of the friction force In the aileron eysitem which 
wae approximately *lj. pounde• 

c. Pitching moment due  to 3ideslip 

The changes  in elevator force  and position 
due to eldesllp were email at high speeds  but at 
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lower speeds where  large  engine of sideslip were 
reeehed there v/ss  e considerable increase In olev9tor 
force  et lnrge engloe of eideallp.    Ther-s wea  en 
objectionable variation of elevator force with slde- 
ellp cn^le ne«r zero yew In steady slde3llpe In the 
power-on conditions,   ea  shown by figures  12  and 13« 
An eppree.'.able pitching tendency due   to ys.in;j 
velocity also wae observed,  which was  ettrlbuted to 
the gyroscopic effeote of the propallera.     It should 
be noted that theee effects oo-ibine to cau30  the 
eirplfne  to  tend to pi ton down in right rudder klo'ca 
and up In left rudder kicks.    The elevator force 
required to of.**aet these pitching momenta ties  smell 
but the ycwlng encountered In even slightly rough 
fir wre  sufficient tc  cause small pitch chenges  end 
require  oontlnucue olevetcr motion which mnde It 
lmpoesible to trim the al?plano« 

d.     Slde-fcroe characteristics 

The sjde-force  ohrrocterletics   (vtri?ticn 
of bank an'le with angle of sideslip)  setisfled the 
requirements  of referenoe 1 which stated thet  the 
vrriftion ehould be  euch that right  b&nk accompanies 
right sidoelip and vice verea. 

J-B.     Lateral and Directional Control 

1. Rudder to overocme edverse  aileron yew 

The  ability of the rudder tc ovorcome the ypwlng 
moment duo to full elleron deflection has been 
discuseed in the  eeotlcn on eldsallo due  to aileron 
deflection  (2-B,   1). 

2. Rudder  control In teke-off and landing 

The P-C is  e twin-engino eirplane with a single 
vertical tell not located In  the  elipatreem.     It was 
very difficult to perform the maneuver specified in 
reference  1 for determination of th3 minimum epeed 
at which It WPS possible  to raiao ths  tuil during 
teke-off for the  following reeaone.    Firet,  full 
power could not be  applied boceusc  It v;ee necesaary 
to apply power  asynurctrloally to tiinintcln directional 
control at very low epoeda.    Sfcoond,  if the tell was 
brought up at the minimum speed *./ith the rudder 
doflocted full right,  an uncontrolleble yawing motion 
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to the  left resulted due to the gyroscopio effect 
of the propellers.     Leek of directional ooi.trol 
during lending several tlmee neerly resulted In a 
gro'nid loop.    The dlreotionel oontrol of the P-8 
sirplane wrs  considered to be unsatisfactory ior, 
both teke-eff end lending.     No teke-offs or  landings 
were made in a 90° cross wind.    Time historiee of 
a take-off end lending are presented in figures 13 
end 19. 

J.    Single-engine operstioti 

a. Rudder control with one engine  inoperative 

Attempts were made  to simulate  the flight 
condition following failure of the  left engine in 
the wave-off condition with flaps  and lending gear 
down,   end reted power.     At 120 miles per hour the 
power of the rudder wos not suffioient to maintain 
straight flight with the winge  level.    When the  eir- 
plsne wee banked to the right In ordor to maintain 
etrSight flight,  buffeting c? the rudder oocurred 
and the maneuver WPJ discontinued bscruse  of the 
dengsr of rudder look.    Control could be maintained 
if the right engine wee throttled beok somewhat,  but 
the power would then not be sufficient for level 
flight. 

b. Dirootlonal trim oharaoteiistioe 

Figure 20 presents  the dlreotionel trim 
ohersoteristics for single-engine operrtlon in the 
rated-power,  clesn condition in ctrti^ht flight 
with the winge  level.     Data *ere obteiued with the 
left propeller windmllling with the govornor set 
at 263O rom end also with the  lsft propeller feathered. 
Figure 20 shows  thet full tab defleotion,   left from 
the rudder, was required to trim the rudder force to 
zero  at 196 miles per hour with the left propeller 
windmllling,   end about 1/3 leee, with the left 
propeller feathered.     The rudder oontrol was suffioient 
to mslntein straight flight in either ocee with the 
wings  level at  150 milee per hour.     By holding a 
slight degree of bank It was possible to meintain 
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directional control to the stell in the  olean oon- 
iitloii.     During single-engine flight vith the wings 
l«vel the rudder force Increased rapidly with 
deoreesing speed i"rcm 0 at 1?0 miles per hour to 
lt.0 pounds with the left propeller feathered,   or 
135 pounds with the  left propeller wlndmllling et 
130 miles per hour.     Due to  the deflection of the 
oprln? and the flexibility of the  rjst of the rudder 
system the  avellRble rudder dofleotion wea reduced 
1° par 10 pounds of control force.     Over half of the 
available no-load deflection was  lost at 150 miles 
per hour in the ense illustrated in figure 20. 
Piecing stooe  only on the rudder itself would raraeuy 
this  situetion.    The rudder trimming tab was powerful 
enough to trim out the rudder-control forces with 
the vrings  level at 190 milee per hour vith one pro- 
peller wlnduilling or et 170 miles per hour with one 
propeller feetherod.    No records wore obteinca of 
benkdd single-engine  flight,  but less rudder deflection 
would be required so that the minimum speed at which 
full tab deflection  would produce zero rudder-control 
force vrould be reduced.     The bi loron-control forces 
were negligible  and could easily hsvo been trimmed 
out. 

u. Directional trim eharaoteristics  including 
rudder oontrol in dives  (symmetric power) 

From trim at maximum level-flight speed with 
power on or trim at the seme speed with the engines 
idling the rudder-oontrol force  ohengod only 10 pounds 
in going to 360 mile8 per hour,  the maximum speed 
atteined in these tests.    This  is  shown in the 
directionsl-trim curves  of figure  21,  which indicete 
smell variation of rudder foroe with speed in all 
conditions. 

3.    Power of rudder and eilaron trimmlnc tsbs 

The power of the rudder trimming tab to trim 
the rudder forces  to zero et any speed in any of the 
test conditions  is also indioeted by figure  21.    The 
variation    of aileron-control force with speed was 
snell except in high-speed dives  PS shown in flguro 22 
and was easily trimmed out.    The powor of the  trlmtring 
tabs durlnjj single-engine oporetion hso been discussed 
In 3-B,   3« 



14 KR Ho.   L5019 

6. Rolling r.omJnt duo to ya*lng 

Rudder kloks were made  nt II4.O and 200 Miles per 
hour lrthaolean condition with porrer for level flifht 
to datermlne the  mount of rcllinc due  to yawing. 
In thoee m^neuve^s  the  rudder was  abruptly deflected 
end hold fixed as well es  possible  at the deflected 
poeltlon  end the allaron and elevator were held fixed 
throughout the maneuver.     Time hietorles  of rudder 
Kicks  at 200 ir.llos per hour pre shown In figure 23. 
The maximum change In sideslip angle,  rolling and 
ytwing velocity,   raid rudder foroe  are presented as 
a fun61Ion of rudder deflection in figure 2l+.     Boceuse 
of the very light rudder forces  the rolling velocity 
produced with e fiven rudder foroe was  lf>rge  but wea 
not considered objeotioneble by the pilot. 

7. Aileron oontrol oharsoterlsties 

The eileron control characteristics were maesurad 
in abrupt ruaOer-fixad aileron rolls at various speeds 
in the following flight  conditions 1 

i. 

1 
Power Flaps Lenaing gear 

1  
1 Speed Figure 

Level flight or rated Vp up  _ J 1U0 
170 
200 

! 250 
j 300 

25, 26 
26 
26 
26 
26 

anginec idling Down Down 1 120 
! 140 

27 

Level flight Down Down 120 28 

Time histories of typiopl left and right rolls 
et 1I4.O miles per hour with level-fli-ht powur in the 
olean oondition arc presented In  flguru 25.    The 
values of rolling effectiveness  obtained end wheel 
foroes required are plotted as  a funotlon  eileron 
defleotion in figures 26,  27,   and 28.     Ho information 
was  available  on permissible  aileron defleotions  at 
high speed so aileron defleotion was  arbitrarily 
United ebove 200 miles per hour. 
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The aileron oontrol characteristics of the F-8 
alrplano may be  summarized as followst 

a. The maximum rolling velocity obtcinod in 
abrupt nilaror. rolls varied smoothly with aileron 
dufleotion  throughout the speed ranee. 

b. The ailerons exhibited no undesirable leg 
ohsrtoteristica  and tho rolling aoceleration was 
alweys in the correct direction. 

o.    Ko ruvarsel of rollirt, velocity duj to 
aileron yew ever occurred. 

d. With flaps do/m,   and ro 'ei1 on  or    off, 
saticfaotcry rolling performance was  indicated. 
Ka"j.r \L" values  of helix anpio    pb/2V    of approxi- 
mately 0.075 for right roll t and 0.09 for la ft rolls 
wera  obtained.    Tha difference was due to the aileron 
deflection required for trial in level flipht. 

e. The  requirement of reference  1 that it ba 
ponaible to obtain a helix eagle    r>b/2V of at laast 
0.07 up to 70 percent of tho naxiinuri. lavol-flight 
spaed was satisfied in  left rolls where  a pb/2V of 
0.07i|- et en indicated airspeed of 200 miles per hour 
was obtained.    The aileron defleotlon aveileble  for 
right rolls was restricted due to the necessity of 
using considerable right aileron defleotlon for trim 
as shown in figure 22.    The maximum   pb/2V    obtained 
in right rolls  et 200 miles per hour na3  rpproxi- 
jnately 0.06  and the  average value of   pb/2\r available 
et this speed wee therefore approximately O.O67 whioh 
was below the VEIUJ specified in reference 1. 

Tha proposed roquirement that it be possibla to 
obtain a helix englo    pb/2V    of 0.05 with 100° of 
wheel defleotlon up to 70 peroant of tha maximum 
levol-flight speed was satisfied by tho F-S. 

f. The aileron-control forces were usually in 
tho range of the friotion foroe and never exceeded 
20 pounds in the rolls made with tho aileron defleotlon 
arbitrarily limited for tho purposo of thu tests. 
The ailerons ware designed with tho intent of making 
the foroes very light.     Information obtained from the 
DeHavilland Company indioated that the edjustable 
balanolng-tcb ratio was set to give approximately 
neutral belanoe on eaoh eirplana.    The data of 
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figures 25  through 28 Indicate thet on this pertlouler 
Mosquito elleron overbalance occu^r&d In rolls In  all 
conditions below 200 miles per hour over e consider- 
able rsnge  of aileron deflections.     It hss been stated 
previously that the ailerons tended to sheke when 
fully deflected end thet en example  of aileron shaking 
is presented In figure  10(c). 

g.    The vrri'tion with airspeed of eileron 
deflection and control  force required to hold the 
wines  level In the  reted-power,  oleen condition is 
shown in figure 22.    The  amount of ailaron deflection 
would vary with any variation of lateral loading, 
but fuel was  always used symmetrically so thet  little 
variation    of lateral lending occurred In  the tests. 
Tho large  amount of aileron deflootion required for 
trim indiceted that en effective twist wre present 
in  the wing structure.     An effective  ttviat of approxi- 
mately 1° on eech tip would be required to account 
for the  amount of aileron deflection thot wes used 
for trim.     A tendency for the force to lncreese 
rapidly to the right et high speeds would become 
ob.1eotionr.blj before  the maximum diving speed, 
1+50 miles per hour,  wss reeohod. 

h.     Another F-8  airplane   (AAF No.  kb-53k92&) 
thet wes flown by the NACA pilots wes observed to 
heve somewhat different aileron control characteristics- 
from those presented herein.    No  quantitative 
measurements were made on tha second airplane. 

CONCLUSIONS 

The results of the tests  to determine the lateral and 
directionel strbility and control charscteristics of an 
F-3 flrplene   (AAF No.  l|-3-35U-960) may be  summeri^od as 
follows t 

1. A divergence occurred due  to aileron overbalance 
if the controls waro released In a sideslip.     Oscillations 
of the  eirplene in the clean condition induced by kicking 
and releasing the rudder with ailerons fixed did damp to 
1/2 amplitude  in 2 oyclea.    There was no short-period 
oscillation of the rudder itself. 

2. The directional etability of tho  airplane with the 
rudder fixed was not sufficient to restrict tho ysw due  to 
full aileron deflection at 120 miles per hour to less 
tho:-. 2 ^o. 
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3.    Control-fired end control-free directional sta- 
bility was ooaitive except nsr.r the stall with ->o"or for 
level flight In tha olenn condition at  lftxvja angles of 
sidaslip whore ruddar look occurred.. 

k,    Tha stick-fixed effective dihedral wcs positive 
In all cor.iitirne.    Due to the elosely balanced or ali.*htly 
overbalanced ailerons  tho stick-free dihedral was neutral 
or rlightly negative in all conditions. 

5»    In nower-on oonoitiono of fli lit en undesirable 
Pitching troment. duo to sideslip aii» duo  to yawing veloeity 
exists! wMeh made it difficult to trim the airplane in 
rouph air. 

6. Tha side force due  to aiderlip wo?  alwoye  in the 
correet dlraetion. 

7. The rudder control on tha ground WRS weak,   end 
in flizht wcs barely sufficient to overcome  auver3e 
aileron yaw.    Ihe rudder control wcs sufficient  to maintain 
a etreii',ht peth with the win^s  level in  nil normal flight 
eonditione  at any speed or down to 150 miles rer hour with 
one propolis" windinllllnf or fuativn-ed Mid  tho  othor 
engine delivering rcted power in  t'i6 clean condition. 
There was  insufficient rudder defloetion  availr.ble  to fly 
the  airplane  with the  wince  level on one engine with the 
flaps  and lending seer down.     When a banked sideslip waa 
attempted in order to maintain etralght flight in this 
condition rudder lode seemed to be imminent. 

S.    The variation of rudder end aileron foree with 
speed was email exee.nt in dives  et high epeed and  the 
foroe eould be easily reduced to zero by use of the 
trimming tebe.    Above  500 miles per hour indicated air- 
epeed there wee  an objectionable  inereese in  cileron 
foroes required for trim. 

9.    Tha porer of tha  rilarens  to roll the   eirplme 
was  satisfactory in the lending end weve-off conditions 
end in lui't rolie In the powar-bn,  olesn condition. 
Beoeuse considerable  right  aileron was required for trim 
in level flight,   a maximum    pb/2V    of only about 0.06 was 
obtained in right rolls  in thi clean condition et 200 miles 
per hour.    For en P-8 with an untwisted wing the 
maximum    pb/2V    available would etill fall slifrhtly 
short of the 0.07 required at 200 nilea -> sr hour in tha 
clean condition.    The  aileron forces were  alwnys  email 
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but ware unsatiafnctory Pccorciir»3 to the standards of 
reference 1 because  of tho  aileron overbalance which 
occurred up to 200 niilor per hour over a largo part of 
the deflection ran£e. 

Langliy Memorial Aeronautical Laboratory 
National Advisory Committee  for Aeronautics 

ttnjlej  field,  Vu. 
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APFEHDIX 

GEK3RAL SPECIFICATIONS OP THB AIRPLANE 

Name and type DoHavlllsnd "Mosquito" F-8, 
(AAF Ko. Jt'j-55l+96o) 

Engines  (2) Paoknrd Rolls-Royce toerlin 33 
Rating 
Take-off (5 minutes)     ....     3000 rpm - 58 In. HP OP 

14 pal boost,   low blower 
Military  ($0 minutes)   ....    2850 rpc. - £4.3 in. Hg or 

9 psl boost,   auto blower 
Maximum eontlnuous 2650 rpm - kk- In.  Hg or 

7 psl boost,   auto blower 

Propellers   (2).  Typo 23BX-1|93-6519A-12 Hariltor. Standard 
Diameter, ft 12.5 
Number 01' blades   3 
Gear ratio       O.l^tl 

Fuel capacity,  U.   3.  gal. 
Normrl,   10 tanks total 6U-7 
Long range,  2 tanks,  bomb bay total II4.5 
Droppable,  2 trnks wing total 9« 

Oil capacity,  IT.   3.   gal. 
Norr-al,  2  tun'ct,  nacelle total 13 
Long range,   1 tank,  fuselage total 11.7 

Rearward permissible e.g.  position,  pereent M.A.C.     36.0 
Weight for testa,   lb       19,000 

Wing 
Span,   ft 5M.. 16 
Area,   sq ft li.50 
Airfoil section,   ?i*rcy Modified   . RAP 3I4. 
Chord at fuselage  Juncture   (25 in.  from 
centerllne), 11 12.2; 

Chord at tip  (25 ft from centerllne),  ft 3.83 
reon  aerodynamic chord,   in 101.52 
Leading edge  of r.A.C.  forwsrd of  jig point,   in.     17*52 
Aspect ratio       6.5 
Taper ratio 0.31 

:  \ 

./ 
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Dihedral (top face of front spar), deg .... I.I4. to,2 
Incidence, dog 1.5 
Sweepbaok (at rib number I4.), deg 2.5 

Wing flaps   (slotted) 
Ares  (bottom surface)  total,  sq ft 50»S 
tength,  from fuselpge  centerline,  ft 13.7 
Traval (no  air load), deg 1,5 *c 

Ailerona 
Arep     (eft of hinge  line,   totel of 2 including 
tabs)  sq ft ikAv 

Length,  ft    .   .   . 12.4 
Deflection rrnge,deg 26.5 up,   11.5 down,  *0.5 
Balanoing-tab arep,   total,   sq ft  .   . 2.2 
Salan.-sircg-tab gear ratio,   aae  figure 6 
Trimming-tab eran,   sq ft 1.1 
Trlmning-tab-defloctlon ran^o,  from 

nilaron,   d9g ±12.5 *3«5 

Horizontrl tail 
Sorn,  ft 20.75 
Chord at root,   ft 5*5 
Arer,  excluding ^oaolaiT,  sq ft        78.4. 
Inoidence,  deg 1.25 *0.25 
Elevator area,   aft of hlnga  line,   sq ft 33«4- 
Horn balance,  percent of elovntor nrea 0.9 
Tail length from elevator hinge line to 

25 percent X.A.C.,   approximate,  ft             23.3 
Bilenoing-tnb area,  total,  sq ft        J.Oo 
Bnlenoing-tab gear rptio          O.31 
Ti"JuTi»ir-tab«croa,  total,  aq ft        S.Oo 
Trimirin£-tab-deflection range,   deg tf £0,5 

Vertloal tall 
AreR,   sq ft ' 29.3 
Height,   pbove  top of fuselage,   ft 7.1 
Offeet from thrust  rxls,  deg      0 
Hudder area  (oft of hinge  line),   aq ft 15*25 
Rudder-deflection range,  deg 26,   -1 or    2 
Horn bslpnce,  percent of rudder  area l|.,g 
Trim and balance-tab  area,   sq ft 1.15 
TriwniiiiR-tsb-deflectlon rrnijo,  dej 16 ±2.5 
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Over-all dimensions 
Length, tlong thrust axis, ft  

tail wheol on the ,Teunl, ft . 
Height, tail wheel", on grcuni, oa*i  blade 

vertically ujwrrd, ft . . . 
tell wheel on ground, one blade 
vertioslly downward, f&  . . 

over fin end rudder with thrust 
axle level, ft   

21 

Uo.3 
UO. 33 

15.25 

12.3 

lf.l* 
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REP3HEPCB 

1.  Avior..: Stability and Control Requirements Tor Air- 
planes.  AAF 3poelflor.tlon No. C-1815. Au-*. 31» 





MR No. L5D19 

i 

11 
**        a 

t   • 

\ 

/ 



1 VIE No. L6D19 





I MR NO.   LSD10 





MR No.   LBD19 

Vertical tail   at  tip of fin 

Horizontal tail  26" from center line 

NATIONAL ADVISORY 

b. Horizontal and yartloal auxfaoea 
Tlguxa 3. - Oonoluded. 
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